Under certain conditions, amebae ingest food, are attached to the substratum, and numerous inactive Chilomonas paramecium adhere to the plasmalemm~; under other conditions, some ingest no food, are unattached, and no chilomonads adhere to the plasmalemma. Mast and Hahnert (1935) contend that ingestion is dependent on attachment, and Mast and Fennell (1938) state (p. 15): "while th e effect of non-electrolytes on attachment seems to be the same as it is on ingestion, the effects of salts and hydrogen ions on ingestion differ greatly from their effects on attachment, and that this is particularly striking in reference to a hydrogen ion concentration of pH 7, in which ingestion was found to be maximum and attachment minimum.
(1) The relation between adhesiveness of the plasrnalemma, attachment to the substratum, and ingestion of inactive chilomonads by Amoeba proteus. (2) The relation between conditioned media, attachment to the substratum, and ingestion of food by Pelomyxa carolinensis. (3) Biological assay of conditioned media.
Material and Methods
c. i,. chemicals and water redistiUed in pyrex glass were used in the preparation of all inorganic salt solutions. All inorganic salts were carefully dried and weighed. The strychnine sulfate was obtained from the chemical supply room of the Marine Biological Laboratory.
Amoeba proteus and Pelomyxa carolinensis were cultured in Chalkley solution3 Chilomonas paramecium was cultured in sterile glucose-peptone solution, and Colpidium striatum was grown in sterile tryptone solution. Paramecium eaudatum was cultured in hay infusion-lettuce medium. For other details regarding culture methods, media used, Preparation of organisms for experimentation, consult Mast and Fennell (1938) .
The standard deviations (0) and the (t) value used for evaluating the results are calculated by the methods of Baten (1938) . The results obtained are given in the following pages.
The Relation between Adhesiveness of the Plasmalemma, Attachment to the Substratum, and Ingestion of Chilomonads by Amoeba proteus
In each of the following experiments 20 to 30 amehae were used, and most experiments were repeated from 2 to 5 times. Chilomonas paramecium was used as the food organism for studying ingestion by amehae in strychnine sulfate solution. Tables I and II, Text- fig. 1 , and Figs. 1 to 3 give a summary of the results obtained. Table I , column 6, shows that in solutions of single salts to which strychnine sulfate was added until its concentration was 0.000069 •, percentage attachment of amebae to the substratum in 20 minutes is highest in MgCl, solution (83. 3), lower in CaCI~ solution (68.0), and lowest in KC1 solution and NaC1 solution, in which it is 2.5 and 1.3 respectively. Table I , column 12 demonstmtes that when strychnine sulfate is omitted, percentage attachment in 20 minutes is highest in MgC12 solution (85.0), next highest in NaC1 solution (77.3), lower in CaCh solution (73.3), and lowest in KC1 solution (40.8). The results obtained in the latter group of solutions are in general agreement with those obtained by Mast (1929) . Further analysis of the results in columns 6 and 12, makes it apparent that percentage attachment by amebae in CaC12 or MgCI~ solution containing strychnine is about the same as percentage attachment in the corresponding control solutions.
Chalkley solution: 80 mg. NaCl, 4 rag. NaHC08, 4 rag. KC1, 4 rag. CaCI~, 2 rag. CaH4(PO4)2, 2 rag. Mgs(PO4)2 4H~O, and 1,000 cc. distilled water. A transposition of the results given in Table II , columns 5 and 12, from total number of chilomonads ingested in 20 minutes to frequency of ingestion per minute, makes it perceivable that ingestion is increased from 1.3 to 2.3 chilomonads per minute when strychnine is added to NaC1 solution. In like manner strychnine increased ingestion in KC1 and CaCI, solutions. Ingestion is increased in the former from 0.75 to 2.25 and in the latter from 1.1 to 1.9 chilomonads per minute. The most striking difference between the foregoing results and those obtained by adding strychnine to .MgCI,, is that frequency in the latter solution, over a period of 20 minutes, is about equal to the frequency in the corresponding control solution. Figs. 1 to 3 offer suggestions as to why such differences in frequency are observed.
It is discernible in Fig. 1 , that in NaC1 containing strychnine large numbers of chilomonads adhere to the plasmalemma of amebae, to cotton fibers, and in this adherence clumps are formed. In KC1 and CaCI~ .solutions, strychnine likewise increased adherence of chilomonads to the plasmalemma of Amoeba. Fig. 2 shows that strychnine had little effect on adherence in MgCI~ solution. These observations suggest that increased ingestion is closely correlated with adherence of chilomonads to the plasmatemma.
A comparison of the results presented in Table II , column 5, with those presented in Table I , column 6, shows that under certain conditions, i.e. when strychnine is added to NaCI and KC1 solutions, attachment to the substratum and ingestion are not closely correlated. Under other conditions, attachment and ingestion are fairly closely correlated; i.e., in CaCI~ and MgC12 solutions.
The supplemental photomicrograph, Fig. 3 , shows an ameba in strychnine sulfate solution. It can be seen that this individual is oval, and that numerous short pseudopods, which are rounded at the distal ends, project from the surface. It is repeatedly observed that amebae responded in this way to strychnine.
The (t) values given in Table II , columns 15 and 16, and Text- fig. 1 show that strychnine sulfate in NaC1, KCI, and CaCI2 solutions significantly increase frequency of ingestion by Amoeba proteus. It is obvious that increased ingestion in MgCI~ solution containing strychnine is of significance for 10 minutes, but of no significance in 20 minutes.
The Relation between Conditioned Media, Attachment to the Substratum, and Ingestion by t'elomyxa carolinensis
Extract of paramecia (conditioned media) described in the following pages is made by leaving 0.5 cc. of _Paramecium caudatum in 4 cc. of Chalkley solution for 4 hours, after which all organisms were removed by filtering. Essentially the same procedure was used for preparing extracts from Chilomonas paramecium and Colpidium striatum.
The method used for preparing alcoholic-ether extracts of paramecia is similar to that used by Roughton (1935) for preparing carbonic anhydrase from red blood cells. To a 15 cc. centrifuge tube containing 0.8 cc. of washed paramecia 2 cc. of distilled water and 2 cc. of ethyl alcohol are added, after which the tube is shaken vigorously; then 3 co. of chloroform is added to the tube, and it is again shaken. The tube is then centrifuged at about 1500 mP.m for 15 minutes. At the completion of the process a three phase system is established; a clear solution on top, protein in the center, and chloroform at the bottom. By means of a clean pipet, the clear solution is transferred to a small pyrex dish. The dish is put into an oven, and the solution evaporated to dryness at a temperature of 50 °; then 3 cc. of Chalkley solution is added to the residue. This solution is described in the following section as alcoholic-ether extract of paramecia. The material designated as good culture solution is Chalkley solution from a culture in which amebae and other organisms are abundant. All other methods used are similar to those described ha the preceding pages. The results obtained are given in Tables III, IV , and V. The results given in Table IV , columns 7 and 14, show that percentage attachment is higher in 0.00145 ~ NaC1 (31.8), 0.001 ~ CaC1, (6.7), 0.002 MgCh (5.2), 0.0029 ~ NaCI (3.1) than it is in the respective control solutions in which it is 12.8, 0, 0, 0. Increased percentage attachment in 0.00145 NaC1 (31.8) and in the corresponding control solution (12.8) doubtless depends on (1) physiological condition of the amebae used in the experiment and (2) salt effect. Mast and Fennell (1938) who studied ingestion by Amoeba proteus in solutions of single salts found that ingestion was higher in NaCI than it was in either KC1, CaCh, or MgCh solutions. An analysis of the data given in Table IV will show, however, that inorganic salts, in the concentrations used in the experiments are relatively unimportant factors in facilitating attachment in Pelomyxa carolinemis.
Biological Assay of Materials in Solutions in Which Protozoa Have Lived
Tests for Choline Esters.--It has been shown in the preceding pages that acetylcholine bromide increased percentage attachment of Pelomyxa to the substratum. Bayer and Wense (1935) contend that they isolated acetylcholine and choline from paramecia.
Aqueous solutions of paramecia which were tested for choline and acetylcholine were prepared in the following manner: From 0.1 to 0.25 ec. of washed paramecia were left in 1.5 co. of acidulated Chalkley solution in a 15 co. centrifuge tube for 2 hours. Then the centrifuge tube containing the parmecia was transferred to a beaker to which 150 co. of tap water had been added. The beaker was placed in an oven maintained at 50 ° , and left until all organisms were killed. The material is referred to in the following pages as "aqueous extracts of paramecia."
Alcoholic extracts of paramecia were prepared by adding 5 cc. of acid alcohol (1.5 cc. of 1 ~ H2SO4 to 100 cc. of ethyl alcohol) to 0.1 to 0.5 co. of washed paramecia. Such alcoholic extracts were left 12 hours, and then evaporated to dryness in an oven at 50 ° . The residue obtained was dissolved in Ringer's solution, and then it was tested for choline esters with the rectus abdominis of Rana pipiens.
Aqueous extracts were tested for choline esters by the method of Chang and Gaddum (1933) . The rectus was suspended in a 20 co. bath in Ringer's solution. The aqueous extract was added to the bath in the following manner: 9 cc. of Ringer's solution was put into the bath, and then aqueous extract in Ringer's solution was introduced into the bath with a pipet. The aqueous extract was left in contact with the muscle for 4 minutes, and then the muscle was removed from the bath and put into 18 cc. of Ringer's solution which contained 0.2 mg. of eserine sulfate and left for 15 minutes. Then the muscle was again suspended in the bath in the aqueous extract in Ringer's solution. Contractions of the muscle were recorded on a smoked drum. Essentially the same method was used for testing alcoholic extracts.
The results obtained are shown in Text- fig. 2 . It is evident that aqueous extracts produce a slow contraction in the rectus abdominis and that the height of contraction is increased by eserine sulfate. It can likewise be seen that alcoholic extracts of paramecia contain a pharmacologically active material, and that the activity of this substance is not increased by eserinization.
Chang and Gaddum contend that the action of tissue extracts is increased by eserine when acetylcholine is present, and that eserine has little effect on the action of choline.
TExT-FIo. Aqueous extracts were further tested for choline esters by adding 1 cc. of saturated Reinecke salt to 2 cc. of aqueous extract. The precipitate obtained was compared with precipitates obtained by the addition of Reinecke salts to commercial acetylcholine, and commercial choline. It was found that the precipitate of the aqueous extract contained an occasional crystal which resembled those obtained from commercial acetylcholine, although the crystals from the aqueous extract were smaller than those from commercial acetylcho-line. The bulk of the material obtained by precipitating aqueous extracts resembled neither acetylcholine or choline precipitates. There was a tendency for this material to form chains and it glistened more under reflected light than either of the other precipitates. Some aqueous extracts had little effect on the rectus abdominis. It is likely that the absence of pharmacologically active materials in aqueous extracts may be due to a ferment which destroys such materials, as Wense (1938) contends that acetylcholine is destroyed in aqueous extracts by an esterase. Chang and Gaddum, who studied tissue extracts, found that acetylcholine is most stable in weak acids. It was also observed that the rectus abdominis in some frogs was more sensitive to the action of extracts than it was in others.
The above results demonstrate that aqueous and alcoholic extracts of paramecia contain under certain conditions pharmacologically active materials which have certain characteristics in common with choline esters.
Tests for Estrogenic Materials. --Steidle (1930) and Bauer (1932) found that alcoholic extracts of Protozoa (the former used Paramecium and the latter Colpoda Steini) Would produce estrus in castrated female mice. In the experiments to be described two litters of mice (17 animals, 21 days of age) were divided into four groups. Two of the four groups were subcutaneously injected daily with 0.03 to 0.04 cc. of dead paramecia in Chalkley solution for 21 days. Then all mice were autopsied, and the reproductive structures of both sexes fixed in Helly's fluid, and stained with hemotoxylin-eosin. The results obtained are presented in Table V . Table V and Figs. 4 and 5 show that dead paramecia when injected subcutaneously into mice inhibit development of corpora lutea. Other structures in the female reproductive system appear to be normal. It is evident that the vaginae in all animals were open, and that all ovaries contain follicles. These results indicate that dead paramecia inhibit the action of the luteinizing hormone (LH) of the pituitary. Fevold, Hisaw, and Leonard (1931) showed that pituitary gonadotropic extract contained a follicle stimulating (FSH) and luteinizing (LH) hormones. Several years later (1934) these investigators isolated these two substances, demonstrating that follicle stimulation and luteinization are apparently dependent on separate chemical substances.
Before autopsying the experimental and control animals, blood was removed from the heart of each of them for antibody tests while the animals were under ether anesthesia. The sera of both experimental and control animals were then used for ascertaining antibody content by introducing paramecia into various dilutions of sera. Paramecia when introduced into undiluted antisera were lysed in less than 5 minutes. Antisera when diluted seven times with Chalkley solution lysed paramecia in less than 20 minutes. One part of antisera to ninety-nine parts of Chalkley solution dissolved about 90 per cent of the paramecia added to the solution in 1200 minutes. Paramecia remained active in normal and diluted normal sera. These results when compared with those presented in Table V suggest that production of antibodies by mice in some way inhibits or destroys the luteinizing hormone of the pituitary. Gordon (1937) in his work with hormones does not eliminate the possibility that the effects of antihormones may depend on the antibodies produced by the materials injected.
Aqueous solutions of paramecia were also tested for estrogenic materials by subjecting castrated female mice to daily injections of 0.15 cc. of dead paramecia in Chalkley solution for 5 days. Vaginal smears were made from these mice, and the smears showed an abundance of epithelial cells and leucocytes. The above observations show that if estrogenic substances are present in solutions of paramecia, the concentration is inadequate for the production of estrus in castrated female mice. Table V also shows that the most pronounced difference in experimental and control males is the difference in size of the seminal vesicles. Seminal vesicles from the control animals were large and extended with fluid, while the vesicles of experimental animals were smaller and contained less fluid. The epididymis of both experimental and control animals showed masses of spermatozoa and detritus in about the same concentrations. Interstitial cells in both experimental and control animals were abundant.
The observations given in the preceding paragraphs show that non-specific substances may destroy the action of the luteinizing pituitary hormone. The nature of the inhibition is not understood although the observations suggest that non-specific materials p#oduce antibodies which inhibit or destroy the luteinizing hormone of the pituitary.
DISCUSSION
The results presented in the preceding pages show that adhesiveness of the plasmalemma and attachment to the substratum by Amoeba proteus are not closely correlated in NaC1 and KC1 solutions containing strychnine sulfate, and that adhesiveness of the plasmalemma and ingestion are fairly closely correlated. These observations suggest that strychnine sulfate in the concentrations used is toxic to amehae, and this toxicity is sufficient to decrease percentage attachment, yet it is insufficiently toxic to inhibit adherence. Thus, increased ingestion in strychnine sulfate solutions appears to be due to the availability of organisms adhering to the piasmalemma.
Under normal cultural conditions a correlation presumably exists between adhesiveness of the plasnmlemma and ingestion of food by Amoeba proteus, as it is frequently observed that chilomonads collect on the plasmalemma in cultures in which ingestion is maintained at a fairly constant rate over a period of days. It is also observed that chilomonads are not attracted to the plasmalemma from a distance. Contact is made, when by random movements individuals strike the plasmalemma, and they then adhere to it as though the plasmalemrna was covered by a sticky material. Amebae with p]asmalemmas in this condition frequently have large numbers of food vacuoles of different diameters, in various stages of digestion in the plasmasol. An interesting hypothesis is that adhesiveness develops when metabolites are excreted to form a thin film of adhesive material on the surface of the plasmalemma. Another factor which may be of importance in increasing adhesiveness is bacterial products which injure the cell surface. It is probable that increased adhesiveness of the plasmalemma in strychnine sulfate is a result of injury to the cell surface.
A review of the results previously given will show that Chalkley solution or solutions of single salts are relatively unimportant factors in attachment of Pelomyxa carolinensis to the substratum. Then, on what does attachment in this species of ameba depend? The following hypothesis is suggested: In cultures in which attachment, ingestion, and fission are accelerated, an optimum concentration of organic material is present in the culture solution. If the organic material increases beyond the optimum, as is the case when ciliates and flagellates reach a high concentration, attachment and ingestion are inhibited. Likewise, if organic materials are decreased to a suboptimum concentration, i.e. by diluting a good culture solution (a solution in which _Pdomyxa are abundant) with distilled water, attachment and ingestion are likewise inhibited. Wense (1938) , who studied the relation between concentration of acetylcholine and temperature in extracts of paramecia, suggests that unfiltered extracts contained esterase inhibitor bodies which inhibited the action of an acetylcholine destroying esterase. This material was found to be in greater concentration in extracts that were left in an incubator than in extracts left in the refrigerator. I-Ie interprets these results as an indication of a dose correlation between concentration of esterase inhibitor and increased bacterial activity in the incubated extract. Filtered extracts were found to Contain fewer bacteria and less inhibitor; and as a consequence, the acetylcholine was destroyed by esterase. If these results correctly describe the relation between organisms and organic materiah in culture solutions it is evident that this relationship is complex and highly variable. Assuming that an optimum concentration of acetylcholine is necessary for maximum growth, ingestion, and attachment in Pelomyxa, it can be seen that the maintenance of an optimum concentration of acetylcholine would depend on a variety of factors. Under these circumstances, it would be possible to have maximum attachment and ingestion under some conditions, and under other conditions attachment and ingestion would be at a minimum. $1/~MARY 3. Frequency of ingestion of food by Amoeba proteus is not closely correlated with attachment to the substratum in NaCI and KCI solutions to which strychnine sulfate is added.
4. Chilomonads adhere to the plasmalemma of Amoeba proteus in solutions of NaC1, KC1, or CaCI~ containing strychnine, but in MgCI~ plus strychnine only a few adhere to it. Strychnine appears to make the surface of the amebae and chilomonadssticky in the former but not in the latter. Frequency of ingestion is apparently correlated with adherence of chilomonads to the plasmalemma.
5. Attachment to the substratum and ingestion by Pelomyxa carolinensis is increased by dead Chilomonas, Colpidium, and Paramecium in aqueous solutions, by materials obtained from paramecia by alcoholic-ether extraction, and by solutions in which these organisms have lived.
6. Attachment to the substratum by Pelomyxa carolinensis is not closely correlated with kind or concentration of inorganic salts used in this study.
7. Materials were found in extracts of paramecia which had certain characteristics in common with choline esters. There is no reason to doubt that under certain conditions materials are present in aqueous and alcoholic extracts which are pharmacologically similar to choline and acetylcholine.
8. Aqueous suspensions of paramecia when subcutaneously injected into young mice for 21 days inhibit the gonadotropic luteinizing hormone of the pituitary. Ovaries from injected mice showed no corpora lutea, and the semihal vesicles from injected males were smaller and contained less fluid than those of the controls.
LITERATURE CITED EXPLANATION OF PLATE 9_
Photomicrographs showing the relation between strychnine sulfate in solutions of single salts and adherence of Chilomonas paramecium to the plasmalemma of Amoeba proteus. 
